Objective: In our search for a new augmentation therapy for stroke patients, we administered cilostazol, an antiplatelet agent. Subjects: The patients suffered from mild hemiparesis or cognitive disorder showing reduced cerebral perfusion in the prefrontal cortex. Methods: We evaluated the functional cerebral blood flow (CBF) before and after the administration of cilostazol using near-infrared resonance spectroscopy (NIRS) during a verbal fluency task (VFT). Results: For the patient with cognitive disorder, statistically significant improvements were observed in the number of generated words in the VFT before and after administration of 50 mg cilostazol (p < 0.05, Mann-Whitney U test). Another patient without cognitive disorder, however, showed no significant VFT improvement after administration of cilostazol. Effect size data revealed large or very large effects of cilostazol on brain activation (oxy-Hb levels) at the affected side prefrontal cortex for both patients. The patient with cognitive disorder showed significant improvement in VFT performance as well as an increase in bilateral prefrontal CBF after cilostazol administration. Discussion: These findings suggest that, for patients with cerebrovascular lesions suffering from cognitive disorder, cilostazol may be promising as a drug to improve cognitive function in addition to preventing recurrent cerebral infarction.
Introduction
Treatment of cerebrovascular patients with cognitive disorder is often difficult because many patients with this condition respond poorly to drugs and rehabilitation. Cilostazol (Pletaal, Otsuka Pharmaceutical Co., Tokyo, Japan) is an inhibitor of platelet aggregation with vasodilating action that has mainly been used for preventing recurrent cerebral infarction [1] . Cilostazol inhibits type III phosphodiesterase; it has been confirmed in platelets and vascular smooth muscle cells [2] that cilostazol inhibits the degradation of cyclic AMP (cAMP) to AMP and increases the intracellular cAMP concentration. Moreover, in the white matter of rats with artificial chronic cerebral ischemia, increases in phosphorylated cAMP response element binding protein (CREB), Bcl-2, and COX-2 expression levels were reported in the cilostazol-treated group compared with the control group [3] . The activation of these intracellular signaling molecules by cilostazol might enhance neural activity, resulting in an increased cerebral blood flow (CBF) [4] .
Using near-infrared resonance spectroscopy (NIRS), a recently developed neuroimaging methodology that allows the repetitive examination of cerebral perfusion while performing cognitive tasks, we were able to test the effectiveness of cilostazol in improving cerebral perfusion during a verbal fluency task (VFT). The advantages of NIRS include its noninvasiveness, portability, the natural setting of the examination, low running cost and its sensitivity. Changes in both oxygenated and deoxygenated hemoglobin concentration on NIRS are interpreted to reflect cortical activation, as these changes have been shown to correspond to regional CBF in functional magnetic resonance imaging studies [5] . In the present study, we measured changes in cerebral hemoglobin concentration using multichannel NIRS during a cognitive task, and investigated the relationship between regional cerebral blood volume and cognitive task performance after cilostazol administration. paresis (Subject A). She showed no cognitive and speech disorder and her activity of daily life (ADL) was independent 5 weeks after onset. Another subject was a 58-year-old man who had suffered from cerebral infarction for about 6 weeks prior to the experiment (Subject B). His T2-weighted brain MRI showed cortical and subcortical infarction in the insular cortex and precentral gyrus in the right frontal lobe. His impairments consisted of very mild left hemiparesis and cognitive disorders including inattention and visual extinction without speech disturbance. His cognitive function tests were Mini Mental State Examination score; 29/30 and Wechsler Adult Intelligent Scale-3rd edition score; Performance IQ 95, Verbal IQ 119, total IQ 110. His ADL was completely independent 2 weeks after the stroke onset. His 99mTc-ECD single-photon emission computed tomography showed a decrease in CBF in the affected right prefrontal lobe area. Both of them had no history of other neurological or psychiatric disorders. They had no antiplatelet drugs and the doses of the other drugs used were fixed 4 weeks prior to cilostazol administration.
Methods
To determine whether any distinct brain activities could be detected by NIRS, we measured changes in oxygenated hemoglobin concentration (oxy-Hb), deoxygenated hemoglobin concentration (deoxy-Hb) and total hemoglobin concentration (total-Hb) during the use of the phonological version of the VFT using the 22-channel NIRS system (ETG-4000 Optical Topography System; Hitachi Medical Co., Tokyo, Japan). The machine uses two wavelengths of near-infrared light (695 and 830 nm) with a temporal resolution of 10 Hz to measure relative changes of absorbed near-infrared light. The distance between pairs of emission and detector probes was set at 30 mm, which enabled cerebral blood volume measurements at a 2-cm to 3-cm depth from the skin of the head, approximately at the surface of the cerebral cortices [5] . We used a probe set (plastic panel) of optodes. The set consisted of eight light emitters and seven detectors resulting in 22 channels with an area of 12 × 6 cm on the scalp. The 3 × 5 probes were attached to the subject's medial frontal area, whose long axis was arranged orthogonally to the line connecting inion to nasion. The probes were symmetrically positioned centering on Fz, in accordance with the international 10/20 system for electroencephalogram electrode placement. The rate of data sampling was 0.1 s.
Task Procedure
The subjects performed a verbal fluency task (VFT) consisting of a 5-s pre-task baseline period, a 20-s task period, and a 35-s post-task baseline period. Before the NIRS measurements, the subject was instructed to generate as many words as possible in the task period. The initial syllables assigned were changed every 20-s (/a/, /ka/ and /sa/, respectively) during the 60-s task period. The initial syllables assigned were different between before and after cilostazol administration. In the pre-task and the post-task baseline periods, the subject was instructed to repeat a train of syllables ("/a/, /i/, /u/, /e/, /o/"). The subject was seated in a comfortable chair with his eyes closed. The timing of syllable changes was delivered to the subject by the examiners' cue. The subject was asked to avoid body movements such as neck movements, strong biting, and blinking during the NIRS measurements.
Experimental Design
Before cilostazol administration, the subjects performed a VFT consisting of the repetition of five initial syllables during NIRS measurement. They then took a 50-mg cilostazol OD tablet. Ninety minutes after cilostazol administration, when the blood drug concentration of cilostazol reached the maximum [6] , the patient performed a second VFT consisting of the repetition of five different syllables during NIRS measurement. The present study was approved by the Institutional Review Board and Ethics committee of Nippon Medical School Chiba Hokusoh Hospital. Written informed consent was obtained from the subjects before the start of the investigation.
Data Analysis
The moving average method was adopted for the analyzed data to remove short-term motion artifacts with a time window of 5 s. At first, we used multiple data analysis with the ETG-4000 operation system v. 1.11 to display grand mean waveforms of Hb concentration changes. Data were analyzed using the "integral mode". The pre-task baseline was determined as the mean over a 10-s period just before the task period. The post-task baseline was determined as the mean 5 s, 15 s after the task period, and linear fitting between the pre-and the post-task baselines was applied to data between the two baselines. For data analyses, the task and the post-task periods were divided into five time segments along the time course, the task period into five segments ("task 1" -"task 5" segments for the first to the fifth 20 s periods, respectively). Obtained oxy-Hb data were averaged over these five time segments. For analyses of brain activity, with reference to a recent article by Okamoto and colleagues [7] , we placed four regions of interest (ROI) as affected and non-affected prefrontal ROI. The measurement points were superimposed on a template image of a three-dimensionally reconstructed cerebral cortex in the NIRS software. To evaluate the effect of cilostazol on cortical activation during VFT, we calculated the effect size to adjust the influence of differential pathlength factors among subjects on oxy-Hb levels [8] . The effect size for the effect of cilostazol on oxy-Hb activities (D oxyHb) was calculated as follows: D oxy-Hb = (m oxy-Hb2 − m oxy-Hb1)/Std oxy-Hb1, where m oxy-Hb1, m oxy-Hb2 and Std oxy-Hb1 were mean oxy-Hb level during the VFT period before cilostazol administration, mean oxy-Hb level during the VFT period after cilostazol administration and standard deviation of oxy-Hb1 level during the VFT period before cilostazol administration, respectively. nificant difference in the number of words at each 5 session generated before and after cilostazol administration in subject B (p < 0.05, Mann-Whitney U test). Total words count in 5 sessions also increased extremely after cilostazol administration in subject B.
oxy-Hb Changes in Prefrontal Cortex
Using three-dimensional (3-D) NIRS mapping, we demonstrated the representative grand average waveforms of oxy-Hb changes obtained by NIRS during the VFT in subject B (Figure 1) before cilostazol mapping image showed poor CBF on the affected side in the prefrontal cortex during the VFT. After cilostazol, the 3-D map of oxy-Hb showed a significant increase in bilateral, prefrontal CBF during the VFT. The mean oxy-Hb activation values during VFT of the affected and unaffected prefrontal ROI before and after cilostazol administration were shown in Table. The effect of preparation on the increase of oxy-Hb levels during the VFT was evaluated by calculating effect sizes ( Table 2 ). The effect size calculated by using oxy-Hb levels showed very large cilostazol effect ( 
Discussion
We reported the cases of patient who had suffered a stroke with or without cognitive impairment and prefrontal lobe hypoperfusion. The normal 22 elder control subjects produced a mean 21.91 words (S.D. 5.38) in a total of 5 task VFT sessions (our other study data). Subject A without cognitive impairment showed same VFT result as them with little improvement after cilostazol administration. The administration of a single 50-mg dose of cilostazol immediately improved VFT performance and prefrontal cerebral perfusion on both the affected and unaffected hemispheres in subject B with cognitive impairment. In addition, he showed improvements in cognitive disorder symptoms as well as an increase in cerebral blood flow during the VFT revealed by NIRS. The oxy-Hb increases in NIRS during the VFT were smaller in the affected than in the unaffected side before cilostazol administration. The statistically significant main effects on oxy-Hb increase were obtained after the administration of 50 mg cilostazol in the affected hemisphere in the prefrontal cortex. The methods used in the present study are well established for analysis of baseline vs. treatment comparisons. VFT is one measure of frontal lobe cognitive function, and its validity and test-retest reliability have been examined [9] . Significant correlations were observed between the VFT and digit cancellation tasks, Stroop tasks and sentence recall. Because the initial syllables assigned differed between the two experiments, there could be very little possibility of a learning effect in the present experimental VFT protocol [9] . Using a 24-channel NIRS in 12 healthy men, Kono et al. [10] examined the replicability of oxy-Hb and deoxy-Hb concentration changes in the prefrontal cortex during VFT. Most studies of the effects of cilostazol on cerebral perfusion report the long-term effects of cilostazol in static conditions. It has been reported that longitudinal administration of cilostazol improves CBF in patients with chronic cerebral infarction and improves cerebral function evaluated by P300 event-related potential [11] , and the enhancing effect in CBF may have led to improvements of depressive symptoms in post-stroke depression [11] . It may be postulated that increased CBF due to cilostazol results in the activation of intracellular signaling molecules enhancing neural activity through the neuron-capillary coupling [4] . Alternative explanations for increased cerebral perfusion include the presservation of endothelium-dependent vasodilation through cilostazol-induced endothelial protective effects [12] . The present study is the first report showing the short-term augmentation effects of cilostazol on prefrontal cerebral perfusion during cognitive tasks in stroke patients. The beneficial effects of cilostazol on CBF could be attributeable to rheological improvement caused by its vasodilating action and to its inhibition of platelet aggregation. As in the cases presented here, cognitively impaired patients with cerebrovascular lesions often respond poorly to drugs and develop adverse reactions, and the symptoms of cognitive impairment tend to persist and show little improvement despite cognitive rehabilitation. Our findings, however, suggest that one dose of 50 mg cilostazol, half of the one-time daily dose, may be effective in augmenttation therapy for stroke patients suffering from cognitive disorders and promote the stroke patients rehabilitation. In future, we will investigate the long-term effects of cilostazol on the cognitive function as well as prefrontal cerebral perfusion. The authors declare that there is no financial or other conflict of interest for this study.
